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AERONAUTICAL SYMBOLS 
1. FUNDAMENTAL AND DERIVED UNITS 



Length. 
Time- 
Force- - 



Symbol 



I 
t 

F 



Metric 



Unit 



meter 

second 

weight of one kilogram. 



Symbol 



m 

s 

kg 



English 



Unit 



foot (or mile) 

second (or hour) 

weight of one pound 

horsepower 

mi./hr 

ft./sec 



Symbol 



ft. (or mi.) 
sec. (or hr.) 
lb. 



Power . 
Speed _ 



kg/m/s. 
fkm/h._ 
\m/s 



k. p. h. 
m. p. s. 



hp 

m. p. h 
f . p. s. 



W } Weight = mg 

g, Standard acceleration of gravity 
m/s 2 = 32.1740 ft./sec. 2 
W 

m, Mass = — 
9 

p, Density (mass per unit volume). 

Standard density of dry air, 0.12497 (kg-m"" 4 b, 
s 2 ) at 15° C. and 760 mm = 0.002378 c, 
(lb.-ft " 4 sec. 2 ). V 

Specific weight of "standard" air, 1.2255 S' 
kg/m 3 = 0.07651 lb./ft. 3 . m, 



2. GENERAL SYMBOLS, ETC. 

mk 2 , Moment of inertia (indicate axis of the 
= 9.S0665 radius of gyration k, by proper sub- 

script). 
S, Area. 
S W1 Wing area, etc. 
(?, Gap. 
Span. 
Chord. 



Aspect ratio. 
Coefficient of viscosity. 



v, 

L, 
D 



True air speed. 
Dynamic (or impact) pressure ■ 

L_ 



3. AERODYNAMICAL SYMBOLS 

Q, Resultant moment. 



a 



VI 



Lift, absolute coefficient C L -- 



Diftg, absolute coefficient C D = 



D 

qS 



D 0 , Profile drag, absolute coefficient C Do =^ 

D u Induced drag, absolute coefficient C Di =^ 

Parasite drag, absolute coefficient C Dp = ^^ 
Cross-wind force, absolute coefficient 



Cc ~qS 
R, Resultant force. 

i W} Angle of setting of wings (relative to 
thrust line). 

i*, Angle of stabilizer setting (relative to 
thrust line). 



Otn, 



Resultant angular velocity. 
» Reynolds Number, where I is a linear 
dimension. 

e. g., for a model airfoil 3 in. chord, 100 
mi./hr. normal pressure, at 15° C, the 
corresponding number is 234,000; 

or for a model of 10 cm chord 40 m/s, 
the corresponding number is 274,000. 

Center of pressure coefficient (ratio of 
distance of c. p. from leading edge to 
chord length). 

Angle of attack. 

Angle of downwash. 

Angle of attack, infinite aspect ratio. 

Angle of attack, induced. 

Angle of attack, absolute. 

(Measured from zero lift position.) 

Flight path angle. 
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SUMMARY 

This report presents a description of the 7 by 10 foot 
wind tunnel and associated apparatus of the National 
Advisory Committee for Aeronautics. Included also are 
calibration test results and characteristic test data of both 
static force tests and autorotation tests made in the tunnel. 

The tunnel air flow is satisfactory. The velocity, at 
the model location, is uniform within ± 0.2 per cent and 
the air flow direction is parallel to the axis of the jet 
within ±0.8°. 

The tunnel is equipped with a 6-component indicating 
balance, on which the three forces and three moments 
may be measured directly and independently. All tests 
are made at the same dynamic pressure on models having 
the same area and aspect ratio. By this arrangement, the 
results are obtained in coefficient form and very little time 
is required to reduce the test data. 

The balance may also be used for making stable auto- 
rotation tests or for measuring the rolling moment due 
to roll. In such cases the force-test model support is 
replaced by one designed for rotation tests. 

INTRODUCTION 

In 1928 the National Advisory Committee for Aero- 
nautics decided to replace its old 5-foot, closed-throat 
Venturi wind tunnel (reference 1) by two open-throat, 
closed-return-passage tunnels which, because of com- 
pact design, could be housed in the same building. 
One of these, the 5-foot vertical tunnel, built primarily 
for the study of spinning, is described in reference 2. 
The other, a 7 by 10 foot, rectangular throat tunnel, 
is described in this report. This tunnel is intended for 
general aerodynamic tests with particular reference to 
stability and control. 

The balance and operating equipment were designed 
to facilitate the making of routine force and autorota- 
tion tests. The same balance is used for either type 
of tests, but two easily interchangeable model supports 
are used. In the force tests all six components are 
measured directly in coefficient form, each one being in- 
dependent of the others. The rolling-moment coefficient 
and the rate of rolling are measured in the rotation tests. 



The tunnel was completed in the summer of 1930 
and calibration tests were finished during the latter 
part of the same year. Since then the balance has 
[ been installed and the tunnel has been in continuous 
operation since early in 1931. 

DESCRIPTION 

THE TUNNEL 

The tunnel is shown in sectional plan and elevation 
in Figure 1. It has an open jet, an open test chamber, 
and a closed return passage. The direction of the air 
I flow is indicated on the drawing. The air is drawn 
j through the test section by means of a propeller fan in 
the exit cone, and passes by way of the return passage 
and entrance cone back to the test section. The area 
of the exit cone and return passage is increased so that 
the velocity of the air is gradually decreased at the 
large end of the entrance cone to about one-fourth of 
that through the test section. 

The tunnel passages are constructed of Js-inch sheet 
steel, stiffened with steel angles and supported by a 
steel superstructure. The over-all dimensions are 
shown on the drawing. 

Test section. — The air stream at the test section is 
open to the room in which the tunnel is housed. The 
space under the air stream and on one side is used for 
the balance, most of which is in a pit. The control for 
the propeller-drive motor and a dynamic pressure 
indicator are located on the same side of the jet as the 
balance. 

Entrance cone. — The sides of the entrance cone 
were first made of the form designated I- 1 in Figure 1. 
Preliminary surveys showed a converging air stream 
which was corrected by changing the sides of the 
entrance cone to the form 2-2. In the large end 
of the entrance cone are four reference static-pressure 
orifices J. 

Exit cone. — The upstream end of the exit cone is of 
the same size as the downstream end of the entrance 
cone, the spillage air being allowed to pass outside 
the cone. Seven feet downstream from the mouth 
of the exit cone are 16 openings for the purpose of 
reducing the air pulsations, as explained in reference 3. 
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Guide vanes. — All the guide vanes have the same 
profile. The upper and lower curvatures of each vane 



to which it is directly coupled. The motor speed is 
controlled bv suitable armature and field rheostats. 




Horizontal section 



A, Entrance cone. 

B, Exit cone. 
Q Return passage. 

D, Guide vanes. 

E, Honeycomb. 

F, Balance and 
model support. 

G, Model. 

H, Propeller. 

I, Motor. 
J, Static 

plate. 
K Slots. 




Figure 1.— Diagram of the tunnel 



are ares of circles, the nose is formed by a third arc, 
and the trailing edge is sharp. The vanes were first 
spaced regularly in all four corners. After the first 
dynamic pressure surveys had been made, certain 
vanes were removed from the No. I and the Xo. 2 
corners in order to obtain a more uniform 
dynamic pressure at the test section. 

Honeycomb. — A honeycomb is placed ahead 
of the entrance cone (fig. 1) to straighten the 
air stream before it enters the entrance cone. 
The cells of the honeycomb are 1 inch square 
and 6 inches deep. 

Uniform dynamic pressure throughout the 
cross section of the jet at the model test posi- 
tion is obtained by wire screens placed on the 
outer portions of the upstream face of the 
honeycomb. These screens were adjusted 
until a satisfactorily uniform dynamic pres- 
sure was obtained. 

ASSOCIATED APPARATUS 

Propeller and motor. — The fan is a 6-blade, adjust- 
able-pitch propeller 10 feet 6 inches in diameter. It 
is driven by a 200-horsepower, direct-current motor 



With this propeller-motor combination air speeds 
from 0 to 80 miles per hour may be obtained. 

Dynamic pressure control and indicator. — The 
dynamic pressure is held constant with time by means 
of a manometric balance which controls the operation 



1/200 hp split field 
reversible a-c motor 




A/WWWWWV\A 



To field of 
tunnel d-c. drive motor 



N.A.C.A. inverted 
cup manometer 



To reference 
static pressure 



Indicating micro- 
manometer 



I/O v. a-c. 
Figure 2.— Dynamic pressure-control apparatus 



of a field resistance of the propeller-drive motor. A 
diagram of this apparatus is shown in Figure 2. At- 
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tachcd to the beam of the manometric balance is an 
inverted cup partly immersed in a small tank of 
mercury. The static reference pressure of the tunnel 
is connected to the space under the cup and is balanced 
against a given weight on the balance beam. The 
balance beam is connected to one side of a 110-volt 
supply line; the other side of the line is connected 
through a small split-field motor to two contacts 
between which the balance beam moves. Thus, when 
the static reference pressure changes the circuit 
through the motor is closed. This motor operates 
a fine variable resistance in the field of the propeller- 
drive motor. The 
apparatus will 
hold the dynamic 
pressure constant 
to within ± 0.2 per 
cent. 

Coupled in 
parallel with the 
pressure line of the 
manometric bal- 
ance is an N. A. 
C. A. microman- 
ometer on which 
the static refer- 
ence pressure i s 
indicated at all 
times. 

Balance. A 
special 6-compo- 
nent balance was 
designed and con- 
st ructed for the 
study, in this 
t unnel, of stability 
and control. This 
balance is shown 
d i ag ramm a ti c a 1 1 y 
in Figure 3. The 
six components 
are indicated, di- 
rectly and inde- 
pendently on dials, 
as coefficients with 
respect to the wind axes of the model. The balance is 
so arranged that either static or rotation tests may be 
made by simply changing the model support. For the 
most rapid and efficient operation, three observers are 
required, although the tests can be made with the same 
accuracy by a single operator. 

The balance (fig. 3) consists of a rigid floating 
framework A, to which the model is rigidly secured, 
connected by suitable linkages to six scales. These 
linkages are so arranged that the forces and moments 




A, Floating framework 

B, C, Lift and rolling momenf members. 
4 Lift and pitching momenf member. 
E t Lift and rolling momenf truss. 

F, Lift scale platform. 

G, H Drag and yawing moment members. 
I, Drag and yawing moment truss. 

J, Side drag member. 

K t Tripod for supporting model. 



are measured independently with respect to three 
mutually perpendicular axes intersecting at a point on 
the jet center line. One of the axes coincides with 
the center line of the jet; the other two are, respec- 
tively, vertical and horizontal. 

The floating framework is supported by three 
vertical members B, C, and D, pivoted on self-aligning 
ball bearings in the horizontal plane passing through 
the jet center line. These vertical members are also 
pivoted on self-aligning ball bearings at the bottom, 
which allow the framework to move in any horizontal 
direction. The vertical member D is pivoted, in the 

vertical plane 
through the jet 
center line, to a 
small scale C m on 
which the pitch- 
ing moment is 
measured. The 
two members B 
and C, on either 
side of the frame- 
work, which are 
equidistant from 
and parallel to the 
vertical plane 
through the jet 
center line, are 
pivoted to each 
end of a truss E 
which in turn is 
pivoted to rotate 
about its center. 
Under one side of 
this truss a small 
scale C/is pivoted 
on which any dif- 
ference of the 
force on the two 
vertical members 
is measured as a 
rolling moment. 
The pivot support 
of the truss, the 
pitching- moment 
scale, and the rolling-moment scale all are mounted on 
the platform F of a large scale on which the total ver- 
tical force or lift is measured. This force is indicated 
on dial C L . 

The drag is transmitted to bell cranks by means 
of two members G and H in the horizontal plane of 
and parallel to the jet center line, and pivoted to the 
framework by self-aligning ball bearings. The force 
is transmitted through the bell cranks vertically to a 
truss I from which the drag and the yawing moment 



Vertical tube to which model is secured. 
M, Motor for changing angle of attack. 
N, Hondwheel for changing angle of yaw. 
C L , Lift scale head. 
C 0 , Drag scale head. 
C c , Cross wind force scale head. 
C m , Pifchmg moment scale head. 
C t , Rolling moment scale head. 
C n , Vowing moment scale head. 



Figure 3.— Diagram of the 6-component balance 
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arc measured on scales C D and C n , respectively, in 
the same manner as the lift and the rolling moment. 

The cross-wind force is taken by a third member J in 
the horizontal plane of and perpendicular to the jet cen- 
ter line, and is pivoted to the framework on the center 
line of the bearings on the sidetrf the framework. The 
force is transmitted vertically through a bell crank fco 
the platform of the cross-wind force scale C c . 

The scale heads and platforms used in the balance 
are of commercial design. The scales are special in 
that they all have platform deflections of less than 
0.01 inch. (The misalignment caused by this small 



All pivot points in the balance, other than those in 
the scale heads and platforms, are self-aligning ball 
bearings. They have the advantage of transmitting 
forces in more than one direction. In the complete 
balance assembly 32 ball bearings were used, whereas 
if knife edges had been used 76 would have been 
required. 

The floating framework and the scale platforms are 
enclosed in fairings to eliminate balance windage. 

The lift, drag, cross-wind force, and pitching-mo- 
ment scales, will indicate the respective coefficients C L , 
C D , C c , and C m to within ± 0.001. The minimum value 




Figure 4.— Force-test set-up in tunnel 



deflection will not introduce an appreciable error in 
the results.) The indicating dials of the scales are espe- 
cially graduated and special weights are used that make 
it possible to measure directly the coefficients about the 
wind axes of the model. These coefficients are based on 
the dynamic pressure corresponding to a wind velocity 
of 80 miles per hour under standard atmospheric con- 
ditions, and on a model with an area of 600 square 
inches and an aspect ratio of 6. If a model of different 
area or aspect ratio is used, or if tests are mad< \\i a 
different dynamic pressure, a correction factor must be 
used for reducing the data to coefficients. 



of c D may be determined to within ± 0.0005 owing to 
the steady conditions of this test. Rolling and yawing 
moment coefficients C t and C n may be measured to 
within ±0.0001. 

Force-test model support. — The force-test model 
support (fig. 3) consists of a tripod K which is secured 
to the floating framework. A vertical tube L extends 
from the bottom of the framework through the center 
of the tripod. The model is secured to the upper end 
of this tube by a bracket. The model is so located 
with respect to the balance that a point on the chord 
one-quarter of the chord behind the leading edge at 
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niidspan coincides with the origin of the three moment 
axes of the balance. The angle of attack is changed 
by a small electric motor M on the floating framework. 
An angle-of-attack range from —30° to +70° may be 
obtained with this arrangement. The angle of attack 
is indicated by a calibrated revolution counter. 

The angle of yaw, or sideslip, is changed by rotat- 
ing the vertical tube to which the model is attached. 
The tube is geared to a shaft with a handwheel N for 
changing the angle of yaw. In the yawed condition 
the angle of attack as measured is the angle in the 
plane of symmetry between the chord of the wing and the 
horizontal. Both the angle of attack and the angle 
of yaw may be changed while the tunnel is running. 

The model support is completely inclosed in a stream- 
line fairing, except for the bracket to which the model 
is attached and a small pivoted strut for changing the 
angle of attack. (Fig. 4.) 

Rotation-test model support. — The balance may be 
used as an autorotation dynamometer by mounting a 
wing-rotating device (fig. 5) on the framework in place 
of the force-test model support. The mountings of 
both the rotating device and the force-test spindle are 
easily interchangeable; the change requires about two 
hours' time. 




A, Spindle housing. 

B, Gooseneck for 

supporting 
model. 

C, Angle~of- of lock 

mechanism. 

D t Angle- of- yow 
mechanism. 

E, Reduction gears. 

F, Motor for 

rotating model. 

Gj Floating 

framework. 

H, Counterpoise. 



Figure 5.— Rotation-test model Bupporl 

The rotation-test model support (fig. 5) consists of a 
horizontal spindle supported in a housing A on the jet 
center line. A gooseneck B, on which the model wing 
is mounted, is fastened to the forward end of the 



spindle. This gooseneck is statically balanced by 
counterpoise H which is secured to the opposite end 
of the spindle. The mechanisms C and D for changing 
the angles of attack and yaw are incorporated in the 
gooseneck. 

The spindle is rotated through reduction gearing E 
by motor F. The gearing is so arranged that it may 
be engaged for rotating the spindle at a desired rate 
or disengaged for stable autorotation tests. In the 
forced rotation tests the torque is measured dircetly 
as a rolling moment coefficient on the balance rolling- 
moment scale. If desired, the drag may be also 
measured while the model is rotating. 

The rotation device is enclosed in a streamline fairing 
except for the tube A, gooseneck B, and counterpoise 
H. Figure 6 is a photograph of the balance with the 
autorotation device in place. 

SURVEYS AND CALIBRATIONS 

In the calibration of the tunnel, dynamic pressure 
and air stream angularity surveys were made at the 
model location, 2 feet 10 inches downstream from the 
entrance cone. Seventy measurements of the dynamic 
pressure were made at points equally distributed over 
a vertical plane perpendicular to the air stream at the 
test model location. The surveys of the tunnel in its 
final form showed a maximum variation of ±0.4 per 
cent in dynamic pressure at the test model location. 
The angularity of the air stream measured at the 
same points showed the maximum variation in pitch 
and yaw to be ±0.3°. There is no definite twist in 
the air stream. 

A static pressure survey was next made along the 
jet center line at 1-foot intervals between the entrance 
and exit cones. The survey showed a gradual decrease 
in static pressure as the air moves downstream. The 
difference in the static pressure across the standard 
model chord length, 10 inches, was found to be 1.8 
per cent of the dynamic pressure. 

The reference dynamic pressure at the model loca- 
tion is the integrated mean dynamic pressure over 
the area covered by the span of the model but with 
the model removed. The static pressure as obtained 
from the four openings just ahead of the entrance cone 
was calibrated against the reference dynamic pressure 
over the entire speed range of the tunnel. This 
calibrated static pressure is the static reference pres- 
sure used to operate the tunnel at any desired dynamic 
pressure. 

Energy ratio tests were made over the entire speed 
range of the tunnel. The energy ratio is defined as 
the ratio of the kinetic energy per second of the air 
flowing through the jet to the electrical energy input 
per second to the motor. The energy ratio of the 
tunnel is 1.41 at a tunnel air speed of 80 miles per 
hour. 



s 
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Figure 6.— Autorotat ion-test set-up in tunnel 



Force tests were then made to determine the forces 
acting on the supports. These tests were made with 
the model supported independently of and in the same 
position that it normally occupies with respecl to the 
balance. The support forces and moments were 
found to be small (the support drag was about one- 
i hi id of the minimum drag of the Clark Y airfoil) and 
constant for all angles of attack. To eliminate a 
computation they are compensated for by setting the 
zero readings of the scales off zero by the proper 
amounts. 

Finally, air flow alignment tests made with the 
model first in the erect and then the inverted test 
position show that the air stream has an angle of 13' 
upflow at the model location. A correction to the 
measured drag is necessary bec ause of this misalignment 
and is applied as explained in reference 4. 

CHARACTERISTIC TEST DATA 

In Figure 7 the curves of the coefficients of lift, drag, 
cross-wind force, and pitching moment have been 
plotted for the range of angles of attack from —10° 
to -f 60°. The test model used was a Clark Y airfoil 
with a 10-inch chord and a 60-inch span, and the model 



-10° 











































r-s 


c 




























\ 
























i 
t 






%- 






















-f — 

t 






\ 








-/- 
















Q 










k 


f 






















\ 


-A- 


* 
























\J 










— J 
















* 


























— -t 
f 


























~t — 












s 














i 


i 






_ .--I 


r* 






V 














/ 






















>• 




r 


/ 

r 












































t 

























































.08% 



.04^ 

F 0 
OA 

52t: 

-.08 § § 



o 

~> 6 <j 



50° 



60° 



io° ao° 30° 40° 

Figure 7.— The variation of lift, drag, cross-wind force, and pitching -moment 
coefficients with angle of attack; 7 by 10 foot wind tunnel, force test, 10 by GO inch 
rectangular Clark Y airfoil, yaw =20° 
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was set at 20° positive yaw. The rolling and yawing 
moment coefficients were determined for the same test 
conditions and are plotted in Figure 8. 
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Figure 8.— The variation of rolling and yawing moment coefficients with angle 
of attack; 7 by 10 foot wind tunnel, force test, 10 by 60 inch rectangular 
Clark Y airfoil, yaw =20° 

In Figure 9 the stable autorotation characteristics 
are shown for the same airfoil at 0° yaw. The rolling 
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Figure 9.— The variation of rate of rotation with angle of attack; 7 by 10 
foot wind tunnel, rotation tests, 10 by 60 inch rectangular Clark Y 
airfoil, yaw=0° 



moments due to roll at a constant rate of rotation for 
the same airfoil at 0° yaw are shown in Figure 10. 
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Figure 10.— The variation of rolling moment due to roll with angle of 
vb 

attack at a rate of rotation yp=0.05; 7 by 10 foot wind tunnel, rotation 
test, 10 by GO inch rectangular Clark Y airfoil, yaw=0° 

CONCLUSION 

Eight months of operation of the tunnel and associ- 
ated apparatus have demonstrated that test results 
may be accurately and rapidly obtained with a small 
personnel. 



Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 
Langley Field, Va., October 22, 1931. 
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Positive directions of axes and angles (forces and moments) are shown by arrows 
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Absolute coefficients of moment 



M 

qcS 



0 <JJL 



Angle of set of control surface (relative to neu- 
tral position), <5. (Indicate surface by proper 
subscript.) 



D, Diameter. 

p, Geometric pitch. 

p/D, Pitch ratio. 



4. PROPELLER SYMBOLS 

P, Power, absolute coefficient C P = 



pn 3 D 5 



Vs, 

T, 

Q, 



Inflow velocity. 
Slipstream velocity. 

Thrust, absolute coefficient C T ~- 



pn 2 D A 



Torque, absolute coefficient CQ = ~~rfj)s 



VpV 5 

77, Efficiency. 

n, Revolutions per second, r. p. s. 
Effective helix angle = tan" 1 



5. NUMERICAL RELATIONS 



1 hp = 76.04 kg/m/s-550 lb./ft./sec. 
1 kg/m/s = 0.01315 hp 
1 mi./hr. =0.44704 m/s 
1 m/s = 2.23693 mi./hr. * 



1 lb. = 0.4535924277 kg. 

1 kg = 2.2046224 lb. 

1 mi. = 1609.35 m = 5280 ft. 

1 m = 3.2808333 ft, 



